Spermine dependent activation of the N-methyl-D-aspartate receptor and the effect of nitric oxide synthase inhibition during hypoxia in the cerebral cortex of newborn piglets.
This study tests the hypothesis that brain tissue hypoxia results in modification of spermine-dependent activation of the cerebral N-methyl-D-aspartate (NMDA) receptor ion-channel in newborn piglet brains and that pretreatment with N(omega)-nitro-L-arginine (NNLA), an inhibitor of nitric oxide synthase, will reduce the hypoxia-induced modification of the spermine-dependent activation of the receptor. Piglets were assigned to one of four groups; normoxia or hypoxia with or without NNLA. The infusion of NNLA or vehicle lasted for 60 min while the animals were ventilated under either hypoxic or normoxic conditions. Cerebral tissue hypoxia was confirmed by measuring ATP and phosphocreatine (PCr) levels. P2 membranes were isolated and 3H-MK-801 binding was measured in the presence of spermine. Steady state 3H-MK-801 binding in the presence of spermine, showed an increase in receptor affinity in both normoxic (47% of control) and hypoxic (42% of control) animals without change in receptor density. During hypoxia, the spermine-dependent increase in the maximal response of the 3H-MK-801 binding correlated inversely with the ATP concentrations. NNLA pretreatment prior to hypoxia, resulted in a decrease in the slope of the regression line describing the relationship between cellular energy state (ATP) and percent change in maximal response to spermine compared with vehicle treated animals indicating attenuation of the response to hypoxia. We conclude that the spermine-dependent modification of the affinity of the NMDA receptor ion-channel as assessed by 3H-MK-801 binding is similar in hypoxic and normoxic cortical tissue. NNLA administration reduces the hypoxia-induced spermine-dependent activation of the receptor indicating that nitric oxide mediates modification of the spermine site activation of the NMDA receptor ion-channel complex.